Abstract. Interferon (IFN) has been identified to suppress carcinogenesis when used for treating hepatitis C virus (HCV) infections. Treatment with IFN-free direct-acting antiviral agents (DAAs) is an acceptable alternative, even in elderly patients or patients who have been treated for hepatocellular carcinoma (HCC), because it has a lower incidence of side effects and higher sustained virological response (SVR) rate compared with IFN treatment. However, the suppression of carcinogenesis by DAAs is unclear. In the present study, 19 patients who underwent DAA treatment following treatment for HCC between January 2015 and March 2017 were retrospectively investigated. The clinical data were compared between 9 patients with HCC recurrence following DAA treatment (recurrence group) and 10 patients without HCC recurrence (no-recurrence group). The 1-year cumulative recurrence rate of HCC following SVR was as high as 50.2%. Age and sex did not significantly differ between the two groups, and the average number of HCC treatments prior to DAA treatment was also not significantly different between the recurrence and no-recurrence groups (3.2 and 2.2, respectively). The median interval between the final HCC treatment and the commencement of DAA treatment was 88 days in the recurrence group, which was significantly less compared with 790 days in the no-recurrence group (P=0.018). An interval of 120 days or more from final HCC treatment to the commencement of DAA treatment was a significant independent factor of no HCC recurrence following DAA treatment (P= 0.028). A high HCC recurrence rate was identified following DAA treatment in patients with a history of HCC treatment. Therefore, there should be at least a 4-month interval from the final HCC treatment to the commencement of DAA treatment to ensure no HCC recurrence.
Introduction
HCV infection is one of the principal causes of chronic liver disease, with ~170 million individuals infected worldwide (1). The 5-year incidence of HCC from HCV patients is reported to be 13.4%, with a mortality rate of 15.3% (2) . Therefore, suppression of HCV is critical, and HCV treatments have been continually developed and improved.
Previously, IFN was the mainstream treatment for HCV. The SVR rate for two drugs (e.g. peginterferon and ribavirin) against HCV genotype 1, which is considered to cause the highest incidence of HCC (3) , is ~50%, whereas the use of three drugs (e.g. peginterferon, ribavirin and protease inhibitor) increases the SVR rate to ~70% (1) . The SVR from IFN treatment has been identified to decrease the incidence of HCC (3) (4) (5) . Compared with patients without SVR, the incidence of HCC following SVR from IFN treatment is reportedly decreased by 19.1% (6) . In addition, randomized control trials have revealed that the SVR from IFN treatment in patients following HCC treatment decreases tumor recurrence (7, 8) . Recurrence within 2 years is particularly decreased following HCC treatment (9) , as is the rate of liver disease-associated mortality (10, 11) . However, one study demonstrated that SVR from IFN treatment did not decrease the incidence of HCC in patients with cirrhosis because of background fibrosis (10) .
Conversely, it is unclear whether non-SVR following IFN treatment decreases the incidence of HCC. One study demonstrated that non-SVR following IFN treatment decreases the incidence of HCC (12) , whereas another indicated no decrease in HCC incidence from non-SVR (6) .
Currently, direct-acting antiviral agents (DAAs) are used worldwide as an alternative to interferon (IFN) for the Interval between hepatocellular carcinoma treatment and interferon-free direct-acting antiviral agents against hepatitis C is necessary to suppress tumor recurrence (20) (21) (22) . This discrepancy has not yet been resolved. Therefore, the aim of the present study was to retrospectively investigate patients with a history of HCC treatments to whom DAAs were administered at Shiga University of Medical Science (Otsu, Japan).
Materials and methods
Patient selection and data collection. Between January 2015 and April 2017, 184 patients with HCV were administered DAAs in Shiga University of Medical Science. Among them, 19 had been treated for HCC prior to commencing DAA treatment. Clinical data were compared between the 9 patients in whom recurrence of HCC was observed following SVR of DAA treatment (recurrence group), and the 10 patients for whom no HCC recurrence was observed following SVR of DAA treatment (no-recurrence group).
Statistical analysis. χ 2 tests were performed for nominal variables, and the Mann-Whitney U test was performed to compare continuous variables between the two groups. The Cox proportional hazards model was used for multivariate analysis. The Kaplan-Meier method was used to analyze the cumulative incidence rate, followed by log-rank tests for comparisons between the two groups. P<0.05 was considered to indicate a statistically significant difference. All statistical analyses were performed using the R statistical package (version 3.4.4; The R Project for Statistical Computing, Vienna, Austria; www.r-project.org).
Results
The decision tree for patients in the present study is presented in Fig. 1 . Between January 2015 and April 2017, 184 patients underwent DAA treatment, and they all achieved SVR. Among them, 165 patients (89.7%) had no history of HCC treatment, and no patients experienced initial HCC occurrence following DAA treatment. In total, 19 patients (10.3%) had a history of HCC treatment, and 9 of them (47.3%) had HCC recurrence following DAA treatment.
The results of univariate analysis between the recurrence and no-recurrence groups are presented in Table I . No significant differences in age, sex, hemoglobin A1c, serotype of HCV, regimen of DAAs or history of IFN treatment were identified. In the laboratory data, no significant differences were observed in α-fetoprotein (AFP), des-γ-carboxyprothrombin (DCP), albumin, alanine aminotransferase, aspartate aminotransferase, bilirubin, hemoglobin, platelet count, or prothrombin activity. Among the tumor-associated factors, there were no significant differences in the number of tumors, the maximum tumor diameter, the number of HCC treatments or the final treatment method for HCC prior to DAA treatment. The only difference observed was in the median interval between final HCC treatment and DAA treatment, which was significantly shorter in the recurrence group compared with in the no-recurrence group (88 and 790 days, respectively; P= 0.018).
The results of univariate and multivariate analysis to identify risk factors of tumor recurrence following DAA treatment are presented in Table II . Factors of continuous variables were divided into two groups by their median values. In univariate analysis, a significant difference was observed in the interval between the final HCC treatment and DAA treatment (≥120 vs. ≤119 days; P=0.028). Multivariate analysis was performed using tumor markers (AFP and DCP), the number of HCCs, and the interval between the final HCC treatment and the DAA treatment. From this analysis, only the interval between the final HCC treatment and the DAA treatment was identified as an independent risk factor of HCC recurrence following DAA treatment (P=0.045). The cumulative recurrence rate of HCC are shown in Fig. 2 . The 180-day cumulative recurrence rate in patients with a period ≤119 days between final HCC treatment and DAA treatment was 44.4%, which was significantly higher compared with the rate for patients with a period of ≥120 days (P= 0.028).
Discussion
Recently, IFN-free DAA treatment has been developed, and consequently the SVR rate has increased further to 90% or more (13) (14) (15) (16) . Use of DAAs is currently the mainstream treatment worldwide (18, 23) , not only because of its high rate of SVR, but also because fewer side effects occur compared with using IFN. Owing to this decrease in the number of side effects, DAA treatment is also widely used following hepatectomy for HCC in elderly patients, whose numbers have been increasing in recent years (24) .
However, there have been several reports of DAA treatment increasing the incidence of HCC. Initially, one study identified that 16/58 (27.6%) of patients with HCC following treatment had a median recurrence of 5.7 months (17). Subsequently, several other studies have identified recurrence rates close to 30% following HCC treatment, <6 months after DAA treatment (18, 19) . These results suggest that DAA treatment may promote carcinogenesis in patients with HCC with a history of treatment. However, it has not yet been determined whether DAA treatment promotes carcinogenesis in patients with no HCC treatment history (1, 18, 19, (25) (26) (27) .
Several reasons have been proposed for the increase in HCC recurrence by DAA treatment, as described below. It is considered that the mechanism of carcinogenesis following DAA treatment involves changes in IFN gene expression and natural killer cell function (28) . IFN has anticancer effects and acts in immunoregulation by prolonging all phases of the cell cycle (28) . In contrast, DAA treatment causes downregulation of IFN genes and increases cell proliferation without appropriate regulation by checkpoints. Consistently, it has been reported that serum vascular endothelial growth factor, angiogenesis and the size of HCC are increased 4 weeks after the administration of DAAs (29) . Although these results have led to concern that DAAs cause carcinogenesis, this has not yet been demonstrated, and further research is required. Of relevance, the results of the present study indicated that patients treated for HCC had a high recurrence rate. The statistical analyses indicated that an interval of 4 months after HCC treatment is required to prevent recurrence. This result is similar to that of a study published previously (30) . It is not clear why the 4-month interval is required. However, divisions of 4 months were determined statistically using the median value.
Univariate analysis Multivariate analysis ----------------------------------------------------------------------------------------------------------------------------------
Currently, IFN has been reported to be cost-effective because it decreases liver disease-associated mortality (31), but it is more expensive compared with DAAs with borderline treatment benefits (32) . If it becomes clear that there are a number of recurrences of HCC following DAA treatment, its cost-effectiveness may be very poor. Therefore, further consideration of the relative value of IFN and DAA treatment is required. We hypothesize that the residual lesion following HCC treatment may be associated with recurrence following DAA treatment.
A decrease in the incidence of HCC following DAA treatment was identified in a large cohort study of ~17,000 patients with HCV (33). However, the incidence of HCC by DAA treatment in patients with a history of HCC was unclear in the conclusion of this paper. It was concluded that DAAs were administered to patients at high risk of developing HCC. In addition, several meta-analyses and review articles have been published. All concluded that DAA treatment decreased the incidence of initial HCC (34) (35) (36) . However, DAA treatment for HCC recurrence has not yet verified. The findings of these studies highlighted the requirement for high-quality prospective studies, because the studies included heterogeneous cohorts, potential misclassification of HCC absence prior to administration of DAAs, ascertainment bias for recurrence and short durations of follow-up (34) (35) (36) .
One meta-analysis focused on the interval from treatment of HCC to DAA administration. The results indicated that patients with a 6-month interval between treatment of HCC and DAA administration decreased the recurrence rate of HCC. Between the treatment of liver cancer and administration of DAAs, cases with a period of ~6 months resulted in lowering the recurrence rate of HCC (37) . The results of the present study indicated that a 4-month interval was required, but it should be determined whether or not the interval is vital, and, if so, for how long it is required. The limitations of the present study are that the number of patients was small, and it was a single institutional study. Larger prospective studies with large multicenter cohorts are required.
Univariate analysis Multivariate analysis --------------------------------------------------------------------------------------------------------------------------------
In conclusion, the recurrence rate following DAA treatment may be high in patients with a history of HCC treatment. To prevent recurrence, an interval of ≥4 months between HCC treatment and the administration of DAAs is advised. However, the results are preliminary, and a larger cohort study or much longer observation period may be required to obtain reliable conclusions.
